admonished the government for the epidemic and stated, "the answer to the question of how to prevent outbreaks in Upper Silesia is quite simple: education, together with its daughters, freedom and welfare." 5 His experiences in Upper Silesia were to be the foundation for his political career. He argued that "the physician is the natural attorney for the poor," and that "the improvement of medicine would eventually prolong human life, but improvement of social conditions could achieve this result now more rapidly and more successfully." 6, 7 In Prussia, the mid to late 19 th Century was dominated by Nationalistic views that de-emphasized the importance of individual liberties and interests. 8 As a result, many of Virchow's proposed ideas that were aimed at the health and well-being of the individual were considered radical or extreme. In addition to being a proponent for democracy, the separation of church and state, and social welfare programs, some of Virchow's other ideas included medical care for the impoverished, prohibition of child labor, protection for pregnant women, decrease of the work day in hazardous jobs, and improved working conditions. 7, 9 Revolutionary at the time, these principles have become commonplace in 21 st century politics.
The idea of medical social justice would permeate most of his life. He participated in the revolutions in Berlin and was elected to the Berlin City Council, where his focus was on improving public health by developing systems for water and sewer disposal, advocating for school physicians, and providing input to cities and states in the planning of hospitals. 10 He also played a crucial role in establishing the capital's medical statistics, which monitored and recorded death rates, infant mortality, and causes of death. 11 Consequently, this improved the standard of care as it gave physicians and health care workers a way to measure outcomes and focus on areas that needed improvement. He co-founded the German Progressive Party and was elected into the Prussian parliament and later to the Reichstag. 3 He stood in staunch opposition to Prussian Chancellor Otto von Bismarck, who was so incensed that the Chancellor challenged Virchow to a duel. All his work for medical reform and social justice has earned him the modern title of "the father of social medicine." 7 As a result of his political stance regarding the epidemic in Upper Silesia, Virchow was suspended from Charité in 1849. Upon his dismissal from Charité, he was able to secure a professorship at the University of Würzburg in Bavaria and became Chair of the Department of Pathological Anatomy. 9, 12 He was later asked to return to Berlin to teach pathological anatomy, but agreed only under the condition that a special building to house a new pathological institute be erected; consequently, the Berlin Pathological Institute was built. 9, 12 The institute would train many scientists who would later become leaders in their fields including Friedrich von Recklinghausen, who served as one of Virchow's assistants, and William Osler, who stayed at the institute for 3 months in 1873. 3, 13 In 1858, Virchow presented a series of 20 lectures to a group of practicing physicians in Berlin at the Institute of Pathology. 10 These lectures were subsequently published that same year in a book entitled Cellular Pathology as Based upon Physiological and Pathological Histology (English Translation). 11, 14 He was the first to postulate that the basic units of life are the selfreproducing cells of living bodies, and he summarized this cell theory with the Latin phrase omnis cellula a cellula [all cells arise from cells]. 11, 15, 16 Although Schleiden (1838) and Schwann (1839) had previously described cells as building blocks of all plants and animals, Schwann's theory was that the intercellular substance called the cytoblastema was the origin of new cells. 15, 17 Virchow, on the other hand, argued that new cells arose from old cells and that the intercellular space was excreted by existing cells. 3, 15, 17 It was also during these lectures that Virchow outlined what has become the modern paradigm for pathology. Virchow theorized that pathogenesis originated at the cellular level from single cells. This theory would later be called "cellular pathology." He outlined systematic methods for the field of pathology based on experimentation and observation, and demonstrated that cell theory applied to both diseased and healthy tissue. 16, 17 Virchow noted that the organism as a whole did not become diseased but instead only certain cells or group of cells. In his lecture "Physiological and Pathological Tissues," Virchow stated that every pathological structure has a physiological prototype. 15 In attempting to explain the transition between the physiological and the pathological before the word mutation had been coined, Virchow wrote, "In the place of the law of continuity, therefore, we must place something else. And here, I think, the doctrine that has the strongest claim to our attention is histological substitution." Here Virchow was attempting to define what would later be coined "metaplasia." 15 
Early Work on Thrombosis
Virchow began his research of thrombosis and pulmonary embolism by describing a blood clot as a network of fibers where blood cells have become embedded. 14 Virchow created the terms thrombosis and embolism and argued that a clot in the pulmonary arteries or veins is not de novo but instead originates in the peripheral vascular system. 4, 14 He described the pathogenesis of pulmonary embolization as a process wherein:
New masses of coagulum deposit themselves from the blood upon the end of the thrombus layer after layer. The thrombus is prolonged beyond the mouth of the branch into the trunk in the direction of the current of the blood, shoots out in the form of a thick cylinder farther and farther, and becomes continually larger and larger. It is these prolonged plugs that constitute the source of real danger; it is in them that ensues the crumbling away, which leads to secondary occlusions in remote vessels. Thus we see that as a rule all the thrombi from the periphery of the body produce secondary obstructions and metastatic deposits [emboli] in the lungs. 14 He noted that the symptoms of pulmonary embolism ranged from sudden death to silent emboli. 18 In 1856, Virchow described the consequences of a pulmonary embolus that migrated from the venous circulation, which later came to be known as Virchow's Triad. 4, 19, 20 As it is has come to be known today, the triad consists of stasis, vessel damage, and hypercoagulability, and is used to describe the etiology and assess the risk of thrombosis, especially of deep vein thrombosis (DVT.) 2, 19 Standing the test of time, it is still believed that at least 2 of these 3 factors occurring concurrently increase a patient's risk of developing DVT; stasis is thought to be the most predominant of the 3 factors, and when combined with either hypercoagulability or vessel damage a clot usually forms. 21 Abnormalities of rheological properties of blood cells caused by such factors as turbulence at bifurcations and large vessels burdened by an irregular lumen (eg, atheroma or stenotic regions) results in stasis. 22 Clinically, stasis may be manifest by such factors as immobilization; limb paralysis due to stroke, plaster cast or spinal injury; heart failure; varicose veins; and chronic venous insufficiency. 23 Vascular damage is the result of any abnormality affecting the vessel wall resulting in disruption to the endothelium. 22 Direct or indirect vessel injury may arise from recent surgery, central venous catheter, trauma, chemotherapy, vasculitis, sepsis, and hyperhomocysteinemia. 23 Finally, abnormalities in platelets as well as in the coagulation and fibrinolytic pathways contribute to hypercoagulability.
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Attribution of Virchow's Triad
Recently, there has been much debate surrounding the origin of Virchow's Triad, which has resulted in a closer inspection of his experiments on thrombosis and emboli (1856) to determine if his findings have indeed become misinterpreted over time. 4, 20, 24 In fact, mention of a Virchow's Triad does not occur in either books or journal articles until 1950 and even later than that in major pathology texts. 4, 20 In his description about 200 years prior to Virchow, Richard Wiseman, a surgeon to King Charles II, provides two factors, "depending of the Part or from some other pressure upon the Vessel" and "by its own [the blood's] grossness", to explain thrombosis. These factors have now come to be known as "stasis" and "hypercoagulability" respectively, which are two of the three tenets of Virchow's Triad. 4 Gabriel Andral, who is considered the founder of hematology, observed in 1830, decades before Virchow, that stasis, inflammation of the endothelium, and an increased tendency for the blood to coagulate are all risk factors for venous thrombosis. 20, 24 The humoral theory of disease, presuming that all diseases start in the blood, was still an important component of medicine at the start of Virchow's career. The age of Romanticism still permeated medicine in Germany in the 19 th century, with hypotheses being put forward based on little evidence and little importance placed on observation and experimentation. 8, 9, 13, 25 Robert Froriep, a professor of Virchow who exposed him to the more progressive scientific ideas of France and England, challenged Virchow to disprove the notion that "phlebitis dominates all pathology," a claim made by French pathologist Jean Cruveilhier. 3, 4, 16, 20 Not only was phlebitis believed to be the precursor for all diseases, but it was also thought to be the cause of pulmonary thrombosis. 4, 20 Lastly, many of Virchow's contemporaries believed that thrombi in the pulmonary arteries formed de novo in the pulmonary circulation rather than initially forming in the venous circulation. 4, 19 Virchow approached his experiment with the goal of demonstrating that inflammation is secondary to thrombosis, and pulmonary thrombosis does not occur in situ but arises in the venous circulation. 4 After performing a series of experiments in which foreign objects were introduced into the jugular vein of dogs, it was observed that the blood was able to carry these foreign bodies to the pulmonary arteries. 4, 19 These experiments supported the hypothesis that the inflammation is a secondary phenomenon to thrombosis, and pulmonary emboli result from thrombus within the venous circulation. 4, 19 Virchow then examined the pulmonary embolus in greater detail and stated:
In all cases the blood formed more or less extensive clots around the introduced body … the list of possible consequences of the obstruction could be grouped into three categories;
Phenomena due to the irritation of the vessel and its surroundings; Phenomena due to blood coagulation; Phenomena due to the interruption of the bloodstream 26 While this can be misconstrued to be the factors involved in increasing one's risk for DVT (ie, endothelial damage, hypercoagulability, and stasis), it is clear that Virchow was trying to explain the consequences of a pulmonary embolism. 4 ,20 However, we may be able to overlook this nuance if we realize that the three factors resulting from a thrombus are the same factors involved in the formation of a thrombus. 4, 19 The fact that Virchow never appeared to link the two should not detract from his findings. Similar to the way in which advances are brought forth in other disciplines, it is through the collective work of many that lead to the most ground-breaking and revolutionary discoveries. It was as a result of Virchow's emphasis on clinical observation, experimentation, pathological anatomy, and the desire to obtain evidence to support his hypotheses that allowed for the breakthrough to finally occur. 4 
Conclusion
Although the origin of Virchow's Triad is unclear, it has undoubtedly left a lasting effect on modern clinical practices, simplifying the complicated process of thrombosis in the clinical setting, both on its own and as a basis for more advanced assessments. Advances in molecular biology as well as knowledge of pathophysiology have provided more sophisticated tools and expanded the triad to account for the role of the endothelium, platelets, and soluble coagulation factors contributing to thrombosis. 20 Additional astute clinical observations attributed to Virchow include the presence of a left supraclavicular lymph node, suggesting an intra-abdominal tumor (Virchow's Node), and his accurate description of the amorphous stained extracellular material of the cerebral corpora amylacea which he termed amyloid. This term, along with more than 50 others, have become commonplace in medical language. 13, 27 These facets illustrate Virchow's unique desire to attain, as written in a letter from Virchow to his father, "no less than a universal knowledge of nature from Godhead to stone." 3 In the latter half of Virchow's career he devoted less of his time to medical research and focused his efforts towards the field of physical anthropology. 13 By that time he had already cemented his place in history as one of the pioneers and forward thinkers in medicine alongside Osler and Harvey.
Virchow died on September 5, 1902 from, coincidentally, cardiac disease after sustaining a femur fracture and being immobile. His main contributions to medicine emanated from his observational skills and abilities to accurately deduce cellular processes that contributed to both health and disease. Many of his observations remain accurate to this day and scientists are in many instances only beginning to unravel the molecular pathways underlying the observations made by this physician nearly 150 years ago.
